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No. LXXII. 

An Anfwer to Dr. Joseph Priestley's Confideralions on 
the DoSlrine of Ph/ogijion, and the Decompojition of Wa- 
ter ; founded upon demonflrative Experiments. By James 
Wood HOUSE, m. d. Profeflbr of Chemiftry in the 
Univerfity of Pennfylvania, &c. 

SECTION I. 

Of the Conjlitution of Metals. 

R. Prieftley in two late publications, enti- 
'tuled, Confiderations on theDodtrine of Phlo- 
gifton and Decompofition of Water, has attacked that the- 
ory of chemiftry, which is at prefent adopted by a large 
majority of chemifts, in different parts of the world. 

The dodor adheres to the doctrine of phlogifton, and be- 
lieves that metals are compomid bodies, formed of this fub- 
flance and a peculiar bafe or calx. 

On the contrary, the antiphlogiftic chemifts rejedt phlo- 
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gifton. 



Firft. Becaufe it appears to be a mere creature of the 
imagination, whofe exiftencehas never been proved. 

Secondly. Becaufe all the pha^nomena of chemiftry, 
can be fatisfa£torily explained, without the aid of this hy- 
pothefis. 

They believe metals to be fimple fubftances, becaufe 
they have never been proved to be compound bodies. 

They confider a metallic calx, to be an union of a metal 
and the bafe of vital air, called by them oxygen, as it is the 
principle of univerfal acidity. The proofs that metals, in 
being converted into calces, abforb oxygen are, 

Firft. That all the calces of mercury give out oxygen- 
ous gas when expofed to a red heat, without any addition. 

Secondly. Jf a metal is calcined in oxygenous gas, the 
whole of it will be abforbed. 

Thirdly. 
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Thirdly. If the procefs of calcination is performed in 
a variety of gafes, containing fome oxygenous air, the ox- 
ygen only will be imbibed by the metal, and the others will 
be left unaltered. 

Fourthly. If any fubftance is added to a metallic oxyd, 
and the calx is revived, a compound body will be produced, 
formedof the agent ufed and the oxygen contained in the calx. 

Thus, if the filings of pure bar iron are mixed with red 
precipitate, and expofed to a red heat, the iron will be 
converted into a calx and the mercury will be revived. If 
pure charcoal is mixed with the precipitate, carbonic acid 
will be produced ; and if the mercurial calx is revived in 
hydrogenous gas, water will be formed. 

The fir ft objedion of Dr. Prieftley, to this theory of the 
calcination of metals, is as follows. 

He fays, if turbith mineral is expofed to a red heat, a calx 
remains which cannot be revived in any degree of heat, 
without the aid of ibme fubftance, fuppofed to contain phlo- 
gifton. Before we proceed any further in this inveftigati- 
on, it is abfolutely neceffary to determine the real compofi- 
tion of turbith mineral. 

According to the French philofophers, this fubftance is 
a pure oxyd of mercury. 

Fourcroy and Baume declare, that it does not contain 
one particle of the fulphuric acid. Dr. Prieftley is doubtful 
whether it is a fait or a calx ; and in the Edinburgh Difpen- 
iatory and London Pharmacopoeia Chirurgica, it is called 
hydrargyrus vitriolatus flavus. 

The following experiments were made, to afcertain the 
compofition of this fubftance. 

Firft. One ounce of pure turbith mineral was expofed 
to a red heat, in a long glafs tube, which communicated 
with an hydropneumatic apparatus, when thirty-three ounce 
meafures of oxygenous gas were obtained. Upon break- 
ing tlie glafs, a quantity of fluid mercury was found in the 

tube. 



454 On phlogiston. 

tube. Two drachms of the fulphate of mercury, of a white 
colour and ftrong acrid tafte, had fublimed on the fides of 
the glafs. A part of the fulphate of mercury, was colour- 
ed by an immenfe number of minute particles of revived 
mercury, which gave it the appearance of mercurius cine- 
reus. 

Secondly. One ounce of turbith mineral, was boiled 
fifteen times, fix hours each time, in half a pint of diftill- 
ed water, which was renewed every time ; and it could not 
be freed from the fulphuric acid, for the water always pre- 
cipitated a folution of muriated barytes. 

Thirdly. One ounce of turbith mineral was boiled three 
hours, in a folution of cauftic potafh, when it loft its yel- 
low colour, and was converted into a calx of the colour of 
brickduft. Upon being dried it was found to have loft one 
"hundred and fixty grains in weight. 

The liquor in which it was boiled, by fpontaneous eva- 
poration in the open air, gave chryftals of vitriolated tar- 
tar. 

Thefe experiments were repeated with turbith mineral, 
made by precipitating a folution of the fulphate of mercury 
by potafh, with the fame refult. 

They clearly prove, contrary to what has been advanc- 
ed by Lavoifier, Monnet, Bucquet, Fourcroy, Chaptal and 
other French chemifts, that turbith mineral, is not a pure 
oxyd of mercury, but contains fulphuric acid, and may be 
confidered as a fulphate of mercury. 

The reafon that thofe gentlemen were deceived in regard 
to the compofition of this fubftance muft have been, either 
that they did not break the veflels in which their experi- 
ments were made, to difcover any refiduum, or from the 
circumftance, of obtaining oxygenous gas from the turbith, 
equally as good as from any acknowledged calx of mercury. 

The reafon that turbith mineral yields oxygenous gas, 
when it is expofed to a red heat is, that the fulphuric acid 

quits 
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quits one part of it and joins to another, which fublimes in 
the form of a white fait. That part which the fulphuric 
acid leaves, is converted into a calx, is revived without ad- 
dition, and yields oxygenous gas. 

This fulphate of mercury is the fuppofed calx, to which 
Dr. Prieftley refers. It is fometimes obtained of a red co- 
lour, owing to fome impure matter contained in the turbith 
mineral, which by depriving a part of the fulphuric acid of 
its pure air, converts it into fulphur, which uniting with 
part of the revived mercury, forms cinnabar, which give§ 
the whole of the fublimed fait a red colour. 

That it is a fulphate of mercury, we have an additional 
proof, from an experiment of Dr. Prieftley, for he pro- 
cured ethiops mineral, by heating this fuppofed calx in 
inflammable air, by means of a burning lens, which he 
could not have obtained from a pure calx of mercury, treat- 
ed in the fame manner. 

The fize of the vefTel in which turbith mineral is heated, 
will vary the refult of the experiment. No refiduum can 
he obtained, by expofing it in a crucible to a red heat, for 
the whole of it flies away, and leaves only a mark on the 
bottom of the veflel. The fartie circumftance will take 
place, if a Ihort glafs tube is ufed. 

Having thus determined, that the fubftance which re- 
mains after expofmg turbith mineral to a red heat, is a 
neutral fait coloured red by cinnabar, and not a metallic 
calx, we fee that thefirft objedion of Dr. Prieftley, to the 
theory of the calcination of metals, adopted by the anti- 
phlogiftic chemifls, lofes all its force, for certainly it does 
not follow, that becaufe the fulphate of mercury requires to 
be deprived of its fulphuric acid, before running mercury 
can be procured from it, that therefore all mercurial calces 
require the addition of phlogifton, to be converted into 
mercury. 

The 
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The fecond objedion of Dr. Prieftley, to the new theory 
of chemiftry is, that when a metal is reduced to a calx, 
it throws out fomething which forms phlogifticated air. 
He fays, that when the focus of a burning lens, is thrown 
upon iron confined in atmofpheric air, the dephlogifticat- 
ed air is not merely feparated from the phlogifticated air, 
but that the phlogifton from the iron, unites with the de- 
phlogifticated air and forms azotic gas. 

In order to fee if this aflertion was juft,the focus of the 
burning lens belonging to our fociety , which is eleven inches 
in diameter, was thrown upon ninety grains of the filings 
of bar iron, filed for the purpofe, confined in thirty-two 
ounce meafures of oxygenous gas, which had been well 
waftied in lime water, and which was fo pure, that nearly 
the whole of it was devoured by the teft of nitrous air. 
Twenty-eight ounce meafures of the pure air were abforbed 
by the iron, which was reduced to a calx. 

The quantity of carbonic acid produced, which was 
formed by a fmall quantity of coal, which all iron of com- 
merce contains, uniting to a part of the pure air, amount- 
ed to one ounce mealure. 

When the fixed air was abforbed by wafhing it in lime 
water, the remaining air was in no manner injured. 

The focus of the lens was likewife thrown, upon fixty 
grains of the filings of copper, confined in fixteen ounce 
meafures of oxygenous gas. Twelve ounce meafures of 
the pure air were abforbed by the metal, which was con- 
verted into a calx. No carbonic acid or azotic gas was 
formed, and the remaining air was perfedtly pure. Thefe 
experiments prove, contrary to what has been faid by Dr. 
Prieftley, that when a metal, containing no foreign fub- 
ftance, is calcined in oxygenous gas, the pure air only is 
imbibed, no fubftance is emitted from, the metal, and no 
azotic gas is formed, 

Section 
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Section IL 

Of the Solution of Iron in the diluted Sulphuric and Muriatic 

Acids. 

The next thing which engages the attention of Dr. 
Prieftley, is the folution of iron, in the diluted fulphuric 
and muriatic acids. 

The queftion to be decided is, whether the hydrogenous 
gas which is produced, comes from the iron, or from the 
water which the acids contain. 

The antiphlogiftic chemifts contend, that it comes from 
the water, for the following reafons. 

Firft. If concentrated fulphuric acid is boiled upon iron 
filings, fulphureous gas is produced, but no inflammable 
air, and the fulphuric acid fuffers a decompofition and a 
lofs in weight. 

Secondly. If the fulphuric acid is digefted upon iron in 
the cold, it remains in a quiefcent ftate, but the inftant 
water is added, a violent aifiion enfues, accompanied by a 
difcharge of hydrogenous gas. 

Thirdly. They believe that the hydrogenous gas come? 
from the water, bccaufe no inflammable air, can be pro- 
duced from iron 'Without water, and the hydrogenous gas 
obtained is in flridt proportion to the water, which the 
acids contain. 

Fourthly. They believe, water is decompofed in diflblv- 
ing iron in the diluted fulphuric acid, that its oxygen cal- 
cines the metal, while its hydrogen efcapes, and that the 
acid ads upon the calcined metal without being decompof- 
ed, for it will faturate as much alkali, after the procefs of 
folution, as it did before. 

Fifthly. They prove that water is compofed of oxygen 
and hydrogen. 

Dr. Prieftley's objedtion to this explanation is, that as 
one hundred parts of water, according to the advocates of 

3 O the 
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the new fyftem of chemiftry, are compofed of eighty- 
feven parts of oxygen and thirteen of hydrogen, which is 
nearly feven times as much of the former as of the latter, 
there muft be a great depofition of oxygen feme where, 
when iron is diflblved in the diluted fulphuric acid, which 
he cannot difcover. 

He denies that it unites to the metal, and declares there 
is no addition of oxygen in theprocefs, and confequently 
that there is no decompofition of water in the cafe. 

That there is a quantity of oxygen, which unites to the 
metals, when diflblved in acids, I think can be eafily 
proved. 

In order to do this I will (hew, that when pure metallic 
calces, which are acknowledged by Dr. Prieftley to contain 
oxygen, are heated in hydrogenous gas, that the oxygen 
of the calces unites to the hydrogen and forms water, and 
that the difappearance of the inflammable air, is always in 
ftrid proportion to the pure air, which the calces contain. 

I will then prove that the calces of copper and iron, ob- 
tained from the fulphates of thefe metals by ammoniac, 
have this property of making large quantities of inflam- 
mable air difappear. The oxyds which are acknowledged 
to contain ojiygen are mercury, lead and manganefe. 

The focus of the lens was thrown upon two drachms of 
red precipitate, confined in thirty-two ounce meafures of 
hydrogenous gas, obtained from the fulphuric acid diluted 
with water and the filings of bar iron, and which had been 
well waflied in lime water. Twenty-two ounce meafures 
of the inflammable air difappeared, the mercury was reviv- 
ed and iio carboriic acid gas was produced. The air which 
remained behind was not altered. 

According to Dr. Priefliley, fixed air fhould have been 
formed in this procefs, for he fays, when any fubfl:ance 
known to contain oxygen, is heated in inflammable air, 
iixed air is found, but this is not the aSc, 

I 
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I agree whli the Doftbr, that carbonic acid gas will be 
obtained by reviving minium, or mercurius precipitatus 
per fe in inflammfible air, for thefe calces generally contain 
it, but if the minium be converted into mafficot, no fixed 
air will be generated. 

Here we have a ftrong proof of the pofition we are 
endeavouring to eftablifh. 

Two drachms of red lead, iliake twenty ounce meafures 
of inflammable air difappear, when heated in it by the 
burning lens, but when converted into maflicot, only eight 
ounce meafures. 

Now, if Dr. Prieftley's theory was true, that the metal 
imbibed the air, maflScot ought to abforb more inflammable 
air than minium, as it contains more lead than an equal 
weight of minium. 

In making red lead into maflicot, nothing but pure air 
with a fmall quantity of fixed air efcapes, and the lofs of 
the pure air is the true reafon, that One calx of the fame 
metal, will make more inflammable air difappear than 
another. 

But we have ftill ftronger proofs, to prove that our ideas 
on this fubjedt are juft. 

The focus of the lens was thrown upon one drachm of 
the oxyd of manganefe, confined in thirty ounce meafures 
of hydrogenous gas, when twenty-two ounce meafures of 
the gas difappcared, and the metal was not revived. How 
then could the inflammable air have entered into its com- 
pofition ? 

A quantity of the oxyd of manganefe, was expofed to 
a red heat for three hours, and a part of its pure air was 
driven off, when upon throwing the focus of the lens upon 
one drachm of it confined in inflammable air, none of the 
air difappeared, whereas if this quantity of the oxyd, had 
not been expofed to a red heat, twenty- two ounce mea- 
fures of the air would have vanifhed. 

3 O 2 Some 
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Some manganefe was alfo precipitated from Its folution, 
in the muriatic acid by ammoniac, arid when frefli made 
it would never make any inflammable air difappear, when 
heated in it by the burning lens, but after being expofed a 
few days to the adlion of atmofpheric air, one drachm of it 
made four ounce meafures of inflammable air difappear. 
In all thefe cafes we evidently fee the operation of oxygen. 
Not knowing the exa£t quantity of pure air, which iron 
and copper abforbed, one drachm of the filings of bar iron 
were melted by the burning lens in oxygenous gas when 
twenty-fix ounce meafures were imbibed by the iron, and 
the fame quantity of the filings of copper treated in the 
fame manner gave an abforption of thirteeen ounce meafures. 

One drachm of the precipitate of iron, from a folution of 
the fulphate of Iron by ammoniac, was then heated in for- 
ty-fix ounce meafures of hydrogenous gas, when thirty-fix 
ounce meafures of the air difappeared. 

The fame quantity of the common rufl: of fl:eel, and the 
carbonate of iron, obtained from green vitriol by a foluti- 
on of mild pot afh, and what Dr. Prieftley calls a nitrated 
calx of iron, formed by adding nitric acid to a calx of iron and 
expofingit to a red heat, when treated in the fame manner, 
made exadly as much air vanlfli. 

One drachm qf the precipitate of copper, from a foluti- 
on of blue vitriol by ammoniac, expofed to the a£tion of 
the lens in hydrogenous gas, made eighteen ounce mea- 
fures of the air difappear. 

Here then are two metals, one of which the Iron, ab- 
forbs twice as much oxygen, when melted In it, as the cop- 
per, and its calx following the fame proportion when heat- 
ed in hydrogenous gas, makes exactly twice as much of 
the air difappear. 

After one drachm of the calx of iron, had made thirty- 
fix ounce meafures of inflammable air difappear, it was 
expofed to the action of the lens in oxygenous gas, when 

four 
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four ounce meafures of the air were abforbed, and after 
this being again heated in hydrogenous gas, fix ounce 
meafures of the air vanifhed. 

In all thefe experiments nothing but water was produc- 
ed. The carbonic acid gas was not obtained, unlefs it 
previoufly exifted in the calces. 

It is not however denied, that fixed air may be generat- 
ed by heating a pure metallic calx, in a particular kind of 
inflammable air. Thus it may be made by reviving red 
precipitate in hydrogenous gas, obtained from expofing the 
flowers of zinc and coal to a red heat, or from paffing alco- 
hol over red hot iron, but none will be procured from that 
made by the diluted fulphuric acid and malleable iron, or 
from that obtained by pafling the fteam of water over mal- 
leable iron. 

Upon reviving three drachms of red precipitate, in thirty- 
fix ounce meafures of hydrogenous gas, from the flowers 
of zinc and coal, and which had been well wafhed in lime 
water, there was an abforption of only two ounce meafures. 

After the operation, there was a great production of car- 
bonic acid gas. Water was not formed in this procefs, 
for the coal held in folution in the hydrogenous gas, had a 
ftronger attradion to the pure, than to the inflammable 
air, and confequently fixed air was generated. 

Had the fame quantity of precipitate been revived in in- 
flammable air, from malleable iron, upwards of thirty 
ounce meafures of the air would have vanifhed. 

Dr. Pricftley, fuppofing that the inflammable air, or the 
phlogifton it contains, enters into the compofition of the 
metals, has made a calculation of the quantity of this air 
abforbed by ah ounce of feveral of them. He calculates 
from the metal aftually revived. According to him, one 
ounce of mercury abforbs three hundred and fixty-two ounce 
meafures of hydrogenous gas. The quantity mentioned here, 
is far too great. One drachm of red precipitate, which con- 
tains 
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tains more than fifty grains of mercury, makes twelve 
ounce mcafures of inflammable air difappear. 

It is a difficult matter to be exa<S in this expeiiment, 
for fome of the precipitate always difperfes in reviving the 
mercury, and a part of the metal fublimes and adheres to 
the fides of the veflel which is ufed. 

As I believe, that when a metallic calx is heated in hy- 
drogenous gas, the oxygen of the calx, unites to the hy- 
drogen and forms water, I always calculate from the quan- 
tity of hydrogenous gas that difappears, from heating a giv- 
en quantity of a calx in this air. 

According to my experiments, one ounce of red preci- 
pitate, mcrcurius precipitatus per fe, and the calx obtained 
by boiling a folution of cauftic pot-afti on turbith mineral, 
makes 1 1 2 ounce meafures of inflammable air difappear, 
when heated in it by the burning lens. 

Red Lead 88 

Mafficot 2^ 

Litharge 32 

Manganefe "192 

Copper 144 

Iron 288 

Upon difTolving half a drachm of the precipitate of iron, 
which had made fixteen ounce meafures of hydrogenous 
gas difappear, in diluted fulphuric acid, as much inflam- 
mable air was obtained, as two grains of the filings of mal- 
leable iron would have produced. According to this 
experiment, were I to calculate in the fame manner as Dr. 
Prieftley, I would lay, that one ounce of bar iron abforbs 
.3840 ounce meafures of inflammable air, but this quantity 
of the metal by folution in the fulphuric acid and water will 
yield no more than 365 ounce meafures of hydrogenous 
gas. 

If an ounce of mercury abforbs 362 ounce meafures of 
inflammable air, it ought to give out this air when diflTolv- 

ed 
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ed in an acid, or fome fubftance into which it enters as a 
conftituent part. But mercury revived from red precipitate 
by inflammable air, boiled in fulphuric acid gives fulphure- 
ous gas, and when added to nitric acid, nitrous air, neither 
of which contain inflammable air. 

It fhould alfo exhibit fome properties, when fubjeded 
to the adion of chemical agents, different from that which 
is revived from a mercurial calx merely by an increafe of 
its temperature, which is not the cafe ; and if mercury ab- 
forbs inflammable air, that which is revived without addi- 
tion, when heated in inflammable air, fhould abforb fome 
of it which it will not do. 

It certainly is not probable, that an ounce of mercury 
containing more than twelve quarts of hydrogenous gas, 
Ihould have the fame external appearance, and exhibit the 
fame chemical properties, as that which does not contain 
one particle of this air. 

Dr. Frieftley not only believes, that when red precipitate 
is heated in hydrogenous gas, the inflammable air enters 
into the metal, but that, the pure air of the metallic calx is 
difFufed through the hydrogenous gas which remains be- 
hind. 

As a proof of this he mentions an explofion, which 
happened from reviving red precipitate, in inflammable air. 
1 have performed this experiment, with different propor- 
tions of red precipitate, twenty times, and never met with 
any accident. 

The inflammable air that Dr. Prleftley ufed, muft have 
been mixed with atmofpheric air, or an explofion would 
not have happened. That the pure air of the metallic calx 
is not diflfufed through the inflammable air which re- 
mains behind, appears evident from the following circum- 
ft:ance. 

If one drachm of red precipitate, is revived in fixteen 
ounce meafures of hydrogenous gas, twelve ounce mea- 

furcs 
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iures of the inflammable air will difappear, and the remain- 
ing four ounce meafures, will not be diminiflied by the teft 
of nitrous air. 

When the proportion of precipitate is large, and the in- 
flammable air Imall, after the inflammable air difappears, 
the precipitate will give out its oxygen, and the air which 
remains, will be diminiflied by the tefl of nitrous air. 

This circumftance has happened in fome of the experi- 
ments of Dr. iVieftley. 

Another objection brought forward by Dr. Prieftley is, 
that if hydrogen be nothing more than a component part of 
water, it never would be produced, but in circumftances 
in which either water itfelf, or fomething into which wa- 
ter is known to enter is prefent. He tells us, that upon 
heating finery cinder together with charcoal, inflammable 
air is produced, though according to the new theory no 
water is concerned. 

The antiphlogiftic chemifts never faid, that hydrogenous 
gas could not be produced without water ; for it is a confti- 
tuent part of other bodies, as alcohol and ammoniac. 

To afcertain the quantity of hydrogenous gas, afforded 
by charcoal and finery cinder expofed to a high degree of 
heat, an ounce of the fcales of iron and the fame quantity of 
charcoal, both reduced to a very fine powder, were fe- 
parately expofed in covered crucibles, in an air furnace, well 
fupplied with fuel, for five hours. They were then taken 
out of the fire, and mixed while red hot in a red hot iron 
mortar, were triturated with a red hot pefl:le, formed of an 
iron ramrod, were poured upon a red hot piece of ftieet iron, 
and inftantly put into a red hot gun barrel which was fixed 
in one of Lewis's black lead furnaces, and which commu- 
nicated with the worm of a refrigeratory, a part of a hy- 
dropneumatic apparatus. Immediately after luting one 
end of the gun barrel to the worm, one hundred and forty- 
two 
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two ounce meafures, of inflammable air came over in tor- 
rents, mixed with oncr-tenth part of carbonic acid gas. 

This experiment has puzzled all the advocates of the an - 
tiphlogiftic fyftem, to whom it has been mentioned. Many 
confider it as a powerful blow at the new dodrine, and 
every perfon explains it in a different manner. 

Dr. Prieftley's theory of it is very unfatisfadory, for he 
fays the Water from the finery cinder, uniting with the 
charcoal makes the inflammable airj at the fame time that 
part of the phlogifton from the charcoal, contributes to re- 
vive the iron. 

This explanation will not do, for the iron is not revived, 
and it will not account for the produQion of the .carbonic 
acid. 

By confidering the fcales of ir!Dn,.as a combination of 
iron, oxygen and water, there will be no difficulty in the 
bufmefs. The finery cinder fupplies the coal with water, 
which is decompofed ; its oxygen unites with the coal and 
forms carbonic acid, while its hydrogen efcapes, difTolves 
part of the coal, and forms the cirbonated hydrogen gas. 

The celebrated Mrs. Fulhame, a lady whom I am proud 
to quote on this uccafion, is the only perfon I know, who 
feems properly imprefled with the idea of the agency of 
water, in many chemical operations. This diftinguifhed 
lady, who is equally an example to her fex, and an orna- 
ment to fcience, has properly confidered a metallic oxyd 
as a combination of a metal, oxygen and water. 

There are other fubftanoes behdes finery cinder, which 
mixed with coal and expofcd to a red heat, yield hydro- 
genous gas and carbonic acid, in large quantities. Thefe 
airs may be obtained from the common ruft of iron, or 
from any precipitate of iron, and coal which has ceafedto 
yield air. They may alfo be procured, from the flowers 
of zinc and red hot coal. 

3 P One 
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One drachm of the flowers of zinc and twelve grains of 
red hot coal, which had ceafed to yield air, being expofed to 
a red heat gave fifty-eight ounce meafures of hydrogenous 
gas, every portion of which was mixed with fome carbo- 
nic acid. 

One drachm of the precipitate of zinc, from a folutlon 
of white vitriol by ammoniac, expofed to a red heat half 
an hour, when mixed while red hot, with red hot coal, 
which had ceafed to yield air, gave fourteen ounce mea- 
fures of inflammable air, mixed with carbonic acid. 

The flowers and precipitate of zinc in thefe cafes, fup- 
plied the coal with water which wa>, decompofed. The 
metal was not revived. 

SECTION III. 

Of Finery Cinder or the Scales of Iron. 

The antiphlogiflic chemifts conflder the fcales, which the 
blackfmiths ftrike off from red hot iron, to be iron partially 
oxygenated. 

On the contrary Dr. Prieftley fuppofes, that when iron 
is heated in oxygenous gas,, it parts with its phlogifton, 
and is converted into a fubftancc refembling finery cinder, 
but he will not allow that the air which difappears in this 
procefs, is imbibed by the iron, but only the water which 
was its bafe, while the oxygenous gas, he fays, always 
goes to form the fixed air which is found in the experi- 
ment. 

He declares that the quantity of carbonic acid, is quite 
fufficicnt to take all the oxygenous gas that difappears in the 
procefs. 

That the Doctor's ideas are not jufl on this fubje£t, we 
have the mofl conclufive evidence. 

If 
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If half a drachm of the filings of bar iron, are melted in 
t wenty ounce meafures of pure air, thirteen ounce meafures 
of the air will be abforbed by the iron, which Will be con- 
verted into finery cinder. Half an ounce meafure of carbo- 
nic acid gas will be produced. 

Lavoifier tells us, if the iron is pure, no fixed air will be 
obtained ; and certainly Dr. Pricftley will not fay, that thir- 
teen ounce meafures of oxygenous gas enter mto the com- 
pofition of half aji ounce meafure of fixed air, which muft 
be the cafe if his theory is true. 

Here then are twelve and a half ounce meafures of pure 
air, which cannot be accounted for according to the fyfteia 
of Dr. Prieftley, and when we fee a fubftance produced, 
by melting iron in oxygenous gas, refembling the fcales of 
iron, in every property, and cannoi account for the 
air which difappears but by fuppofmg it is imbibed by the 
iron, can we hefitate to pronounce^ that the fcales of iron 
contain oxygen. 

The Do£lor likewife fuppofes, that if oxygen was lodged 
in a calx of iron, it would dephlogifticate the muriatic acid 
which minium inftantly docs, and which we grant does 
not contain a third as much pure air as a calx of iron. 

To determine if finery cinder would dephlogifticate the 
muriatic acid, four ounces of the acid, were diftilled upoa 
three ounces of the powdered fcales of iron, without fuccefs. 

An attempt was alfo made to dephlogifticate the acid, 
by diftilling two ounces of the fulphuric acid, upon three 
ounces of common fait, and as much of the fcales of iron, 
without efFe£t. The quantity of oxygen contained in thefe 
fcales, muft have been feveral hundred ounce meafures. 

Thefe trials however do not invalidate any thing, which 
has been advanced by the antiphlogiftic chemifts, for the 
oxygenation of the muriatic acid, does not depend fo much 
upon the quantity of pure air contained in a calx, as up- 
on its readinefs to give out this air to the acid ; when the 

3 P 2 attraftioa 
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attradion betweefi the oxygen and metal is greater than 
between the oxygen and the acid, the acid will not be oxy- 
genated. This is the cafe with iron. 

A proof that the oxygenation of the muriatic acid, does 
not depend merely upon the quantity of oxygen contained 
in a calx is, that a diachm of manganefe, which has been 
expofed feveral hours to a red heat, and parted with the 
greatcit part of its pure air, will oxygenate the muriatic 
acid to a greater degree, than one ounce of mercurius ci- 
nereus, or the calx obtained by boiling cauftic alkali upon 
turHth mineral, which contain thirty times as much pure 
'air. 

The Dodtor like wife obferves, if finery cinder was iron 
partially oxygenated, it would goon to attraft more oxy- 
gen from the atmofphere, and in time be converted into a 
ruft of iron. 

In order to determine if finery cinder would attradl 
oxygen, the focus of the lens was thrown upon a quanti- 
ty of it, confined in pure air, which was not abforbed. 

The fteam of water Was alfo pafled over it for feveral 
hours, when red hot in an iron tube, but it fufFered no 
alteration. 

One ounce of it reduced to a fine powder, was expofed 
to the adion of atraofpheric air upwards of twelve months, 
and fprinkled with Water feveral hundred times, and at 
the end of this time, was as free from ruft, as when firft 
expofed, while an dunce of iron filings moiftened with 
water, were covered with ruft in three days. 

I acknowledge that finery cinder cannot be converted 
into ruft, but cannot fee in what manner this makes againft 
the antiphlogiftic fyftem. When bar iron is converted in- 
to finery cinder, it parts with the fmall quantity of coal it 
contained, and abforbs oxygen and water. 

The ruft of iron differs from it materially, for it con- 
tains a portion of carbonic acid, and although the French 

chemifts 
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chemifts confider this preparation as a carbonate of iron, 
I do not think it is entituled to this appellation, for one 
ounce of it yields but four ounce meafures of fixed air, 
whereas the fame quantity of the precipitate from green 
vitriol by the common pot-afh of the fhops, yields thirty- 
two ounce meafures, and deferves this charader with more 
propriety. 

A ftrong proof that finery cinder contains oxygen is, 
that when it is heated in hydrogenous gas, it makes a large 
quantity of it difappear, and I have (hewn, that when 
metallic calces are heated in this air, that the difappearance 
of the inflammable air, is always in ftriiSt proportion to 
the pure air which they contain. 

SECTION IV. 

Of Carbonic Acid or Fixed Air. 

According to the advocates of the antiphlogiftic fyftem, 
the carbonic acid or fixed air, is a combination of char- 
coal and oxygen. They are of this opinion for two rea- 
fons. 

Firft. If charcoal be plunged in a veflel of oxygen 
gas, the whole of it will be confumed, and carbonic acid 
gas will be produced. 

Secondly. It is well known, that all the calces of mer- 
cury may be reduced without any addition, and will afford 
oxygenous gas, but if charcoal be mixed with them, the 
carbonic acid gas will be formed, and the charcoal will be 
confumed. 

Dr. Prieftley in oppofition to this opinion declares, that 
large quantities of fixed air have been procured in his ex- 
periments, where neither charcoal nor any thing containing 
it was concerned. 

He 
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He fays, when the pureft malleable iron is heated in 
dephlogifticated air, a confiderable quantity of fixed air is 
formed. He tells us, in the firft edition of his works, 
that there is but a fmaiU portion of fixed air, formed in 
this procefs. 

Four experiments were made to determine this queftion. 

Melting by the burning lens, half a drachm of the fil- 
ings of bar iron, filed for the purpofe, in twenty-four 
ounce meafures of oxygenous gas, which had been well 
wafhed in lime water, eleven ounce meafures of the air 
were imbibed by the metal, and half an ounce meafure of 
carbonic acid gas was produced. 

One dra'chm of the fame kind of filings, melted in 
thirty- fix ounce meafures of oxygenous gas, gave one 
ounce meafure ; one drachm and a half, an ounce and the 
eighth of an ounce meafure ; and two drachms, one ounce 
and the fixth part of an ounce meafure of carbonic add 
gas. 

One ounce of this iron in fmall pieces, diffolved in the 
fulphuric acid and water, left a refiduum of one half grain 
of charcoal. 

There was evidently then not a fufficient quantity of 
coal, contained in this iron, to account for the carbonic 
acid produced, by melting the iron in oxygenous gas, ac- 
cording to this analyfis, which is certainly, very imperfect. 

The inflammable air, produced by dilTolving bar iron, 
in diluted fulphuric acid, holds a portion of charcoal in 
folution, which is not eafily deteded, owing to the very fmall 
quantity of coal, being equally diffufed through a large 
quantity of hydrogenous gas, for the portion of coal can- 
not be more than three grains, in three hundred and fixty- 
five ounce meafures of inflammable air. 

That the carbonic acid produced in this procefs, does 
adtually proceed from the charcoal contained in the metal, 
we have the moft conclufive proofs, for the quantity of it 
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obtained, is always in proportion to the coal contained in 
iron. 

Bar iron contains a fmall quantity of coal, compared to 
caft iron, and by heating caft iron in oxygenous gas, much 
more carbonic acid may be produced, than from bar iron. 

Dr. Prieftley fays, that the plumbago contained in iron, 
could not be difengaged from it in this procefs, and if it 
could, it would not yield the hundredth part of the fixed 
air that is produced. 

The charcoqj contained in plumbago, can certainly be 
difengaged from it with the greateft eafe, for every par- 
ticle of it, is expofed to a high degree of heat in oxygen- 
ous gas. 

Two other arguments ufed by the Dodor, to prove 
that fixed air may be procured without charcoal, are : 

That a great quantity of this kind of air, may be pro- 
duced from heating a mixture of iron filings and red pre- 
cipitate, or iron filings and turbith mineral. 

Five attempts were made to obtain carbonic acid gas, 
by expofmg from half an ounce to an ounce of red preci- 
pitate, mixed with an ounce and two ounces, of the filings 
of baj iron, filed for the purpofe, to a red heat, in a clean 
iron tube, without fuccefs. The mercury of the precipi- 
tate was revived, no air was obtained, and the iron was 
reduced to a calx. 

Mixing five drachms of the fame kind of filings, and 
as much turbith mineral, and expofing the whole to a red 
heat, the fame refult happened. 

Having then recourfe to caft iron, half an ounce of red 
precipitate was mixed with an ounce of the borings of 
cannon, and thirty-two ounce meafures of air were obtain- 
ed, eleven of which were fixed, and twenty-one inflam- 
mable. 

One ounce of this iron, without any red precipitate, ex- 
pofed to a red heat, gave forty ounce meafures of air, 
eight of which were fixed and thirty-two inflammable. 

One 
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One ounce of thefe borings, diflblved in fulphuric acid 
and water, left a refiduum of thirty-four grains, eighteen 
of which were coal and fixteen filicious earth. 

The carbonic acid gas obtained in thefe experiments, 
evidently proceeded from the coal, contained in the caft 
iron. 

The Dodor alfo obtained carbonic acid, by heating the 
charcoal of copper in dephlogifticated air. This charcoal 
of copper is made by paffing the fteam of alkohol over 
red hot copper, and as it confifts principally of carbon, 
which is one of the component parts of alkohol, no ar- 
gument can be adduced from it, in fupport of his hypo- 
thefis. 

He alfo fuppofes that the fixed air, procured in animal 
refpiration, is formed without charcoal, but as we feed up- 
on vegetable fubftances, which contain coal, the carbonic 
acid, thrown out from the lungs, muft be formed of this 
coal, uniting to the pure air taken into this vifcus in in- 
fpiration. 

SECTION V. 

Of the Witric Add. 

It is unneceflary to refer Dr. Prieflley, to the experi- 
ments of various chemifts, to prove that the nitric acid is 
compofed of oxygen and azote, as he muft be well ac- 
quainted with every thing that has been done upon this 
fubjeft. 

As the Dodtor obtains this acid at pleafure, by decom- 
pofing by the electric fpark, a mixture of oxygenous and 
hydrogenous gafes, in the proportion of a little more than 
one meafure of the former to two of the latter, he fup- 
pofes the acid is formed of thefe airs. But let us attend 
ttri£tly, to what takes place in experiments of this kind. 

Thirty- 



On phlogiston. 473 

Tliirty-two ounce meafures of oxygenous gas, obtained 
from red lead and the fulphuric acid, and lixty-four ounce 
meafures of hydrogenous gas, procured from the borings 
of cannon and diluted fulphuric acid, both of which had 
been well waftied in lime water, were introduced into a 
copper tube, and decompofed by the ele<3:ric fpark. About 
one ounce of water, remained in the tube, which after 
the explofion, was 61Ied with art immenfe number of fine 
particles of matter, and which being coUedcd upon a fil- 
ter and analyfed, turned out to be copper. 

The water was of a pale blue colour, and did not turn 
litmus paper red. Evaporated to drynefs, it yielded one 
grain and a half of the nitrate of copper. 

This experiment was repeated with the fame kind of 
airs, and gave the fame refult. 

Trying the hydrogenous gas from muriatic acid and zinc, 
and oxygenous gas, from red lead and fulphuFic acid in the 
fame proportions, no difference took place. 

Increafmg the quantity of oxygenous gas to forty ounce 
meafures, and reHucing the hydrogenous gas to fifty-fix 
ounce meafures, and excluding the water, nitrous acid 
was produced. 

Repeating this experiment over diftilled water, with 
the fame quantity of oxygenous gas, obtained from red 
precipitate, and hydrogenous gas from malleable iron and 
diluted fulphuric acid, the fame quantity of nitrous acid 
was produced, and no muriatic acid was formed, as ap- 
peared by the acid not precipitating a folution of filver in 
nitric acid. 

Introducing into the tube, thirty-two ounce meafures 
of azotic gas, forty of oxygenous gas, obtained from the 
fulphuric acid and manga nefe, and twenty-four of hydro- 
genous gas, from malleable iron by the diluted fulphuric 
acid, the quantity of nitric acid did not appear to be in- 
creafed. 

3 Q_ Repeating 
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Repeating the experiment with fixteen ounce meafures 
of azotic gas, fifty-fix of oxygenous gas from red precipi- 
tate, and twenty-four of hydrogenous gas, from malleable 
iron and the diluted fulphuric acid, the greateft quantity 
of nitric acid was produced. 

The acid obtained in any of thefe experiments, was not 
equal to three grains of concentrated nitric acid, confe- 
quently the theory of Dr. Prieftley muft be wrong, for it 
is not probable, that fifty-fix ounce meafures of oxygen- 
ous gas, enter into the compofitiou of three grains of ni- 
tric acid. 

The Doctor is certainly right when he fays, if phlogi- 
fticated air be purpofely introduced into the mixture of 
dephlogifticated and inflammable air, it will not be affeded 
by the procefs. It is neceflary however, to have regard to 
the quality and proportion of the oxygenous and hydro- 
genous gafes ; when thefe airs are pure, and contain no 
azotic gas, which is fcarcely ever the cafe, water only will 
be formed. When azotic air is mixed with them, which 
it almoft always is, that part of the oxygen, which does 
not unite to the hydrogen gas and form water, joins with 
the azotic gas and forms the nitric acid. 

When carbonated hydrogen gas is ufed, carbonic acid, 
water and nitric acid will be generated. 

That inflammable air does not enter into the compofition 
cf nitric acid is evident, for none of it, nor any thing into 
which it enters, as a conftituent part, can be procured from 
the nitric acid, nor any combination of this add with al- 
kalies, earths or metals. 

On the other hand, nitric acid may be feparated into its 
elementary parts, oxygenous and azotic gas ; and if the 
aeid was compofed of pure and inflammable air, it could 
be made by heating red precipitate in infliiramable- air. 

Mr. Keir who analyfed the liquor obtained by Dr. 
Prieftley, from the explofion of pure and inflammable air, 

fuppofed 
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fuppofed that the muriatic acid was always generated along 
with the nitrous. 

As no muriatic acid was obtained in my experiment, 
when made over diftilled water, it is probable that Dr. 
Prieftley filled his tube with pump water, containing fca 
fait, or that the water of his hydropneumatic tub contain- 
ed fome marine acid. 

I cannot conclude this difleriation, without acknowledg- 
ing my obligations to Dr^ Prieftley, for his polite attention 
in {hewing me a variety of experiments, when at his houfe 
in Northumberland, and for the inftrudion derived from 
reading his very valuable diflertations, on different kinds 
of air. 

Although I do not agree with the Doftor, in the theo- 
ry which he has adopted, yet 1 conceive his entrance, on 
that branch of philofophy, denominated pneumatic che- 
miftry, will ever be confidercd, as marking an aera in the 
fcicnce. 
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